One hundred and seventy six children with severe mental retardation underwent a fundoplication for considerable gastro-oesophageal reflux. There were six 'early' (3%) deaths and five 'late' deaths. Major complications developed in 17 (10%) children whereas 86 (49%) had 'minor' complications. A revision operation was required in 27 patients. Overali 142 (81%) children achieved a good result.
The association between gastro-oesophageal reflux and cerebral palsy was first reported by Abrahams and Burkitt in 1970.' Previously, Neuhauser and Berenberg in 19472 and Gross in 19533 had noted that infants with severe mental retardation generally responded poorly to conservative treatment. Even Carre (1985) ,4 a protagonist of conservative treatment of hiatal hernia, recognised that a higher proportion of mentally handicapped children with gastrooesophageal reflux required surgical treatment due to 'delay in diagnosis and the difficulty in carrying out postural therapy in this group of patients'. Vomiting, failure to thrive, recurrent respiratory infections, and periods of irritability and pain are widely accepted as being part of the disability of severe mental retardation. If fully investigated, a significant proportion of these children will be found to have gastro-oesophageal reflux.II The high failure rate of medical measures in this special category of patients justifies an aggressive surgical approach, but only after the medical treatment has been given a fair trial.
The aims of this study were (a) to analyse the results of the surgical treatment of gastrooesophageal reflux in children with severe mental impairment, (b) to document the complications of the procedure, and (c) to assess the effect of the operation on their quality of life.
Patients and methods A total of 495 Nissen fundoplications were performed at the Hospital for Sick Children, Great Ormond Street, London in the period 1980-90. More than one third of these patients had severe mental retardation, the case notes of 176 of whom were available for retrospective analysis. Children with mild retardation (developmental delay, absent corpus callosum, hyperactivity) were excluded from the study.
There was a male preponderance of 110 boys to 66 girls, reflecting the higher frequency of chromosomal abnormalities and syndromes in boys. (10) .
SYMPTOMATOLOGY
Symptoms of gastro-oesophageal reflux were noted soon after birth in 45% of the patients, Owing to the inability of these children to communicate, the true incidence of pain secondary to reflux was difficult to determine. The parents of 50 (28%) children were convinced that pain was a considerable problem. Two children had severe bouts of pain and screaming accompanied at night by small vomits, which often contained 'coffee ground' material. Severe iron deficiency anaemia due to chronic blood loss from ulcerative oesophagitis was present in five children, and some degree of anaemia was documented in 16% of patients.
INVESTIGATIONS
The barium meal examination did not show gastro-oesophageal reflux in 36 (20%) patients. The reflux was classified as grade III, affecting the full length of the oesophagus, in 87 (65%) of the remaining 134 patients. A hiatal hernia was present in 90 (51%) patients.
Pharyngo-oesophageal incoordination with tracheobronchial aspiration was a common occurrence in children with a defined syndrome.
In 13 (7%) children a midgut malrotation was diagnosed on the barium follow through examination.
pH studies were performed in only 63 patients but were pathological in 57 (90%) with a pH less than 4 Operationfor gastro-oesophageal reflux associated with severe mental retardation than one year in 104 (59%) children before the operation. A Nissen fundoplication was carried out in 172 patients as a primary procedure and in four as a secondary procedure after the failure of antireflux surgery performed elsewhere. The operative procedure consisted of a short, floppy fundoplication using two layers of non-absorbable sutures. The hiatal crura were repaired in 93% of patients. Eight patients had a pyloroplasty and five a pyloromyotomy for delayed gastric emptying as assessed on the barium follow through study. In six children duodenal bands were divided and in 20 a Ladd's procedure carried out for associated midgut malrotation, of which 13 were diagnosed on the barium meal examination and seven at laparotomy. Ten of the children with malrotation occurred among the 42 with a recognised syndrome whereas the remainder were equally distributed among the other groups. A The primary outcome was unsatisfactory in 40 children. There were a further five deaths in this Figure 2 Clinical outcome ofthe patients.
group, three in children with spastic diplegia and epilepsy and two with CHARGE syndrome. All had developed recurrent symptoms of reflux three months to one year after the operation. Two of these had recently undergone a revisionary operation.
Twenty five (14%) patients had to have a repeat operation on the fundoplication for recurrent symptoms such as vomiting (15), swallowing problems (six), aspiration episodes (six), pain (four), retching (three), and gasbloat (three). The revision procedure was carried out between two months and seven years (mean 1-75 years) after the operation. At operation the most common finding was prolapse of the wrap into the posterior mediastinum through an enlarged hiatus (19) with or without an associated paraoesophageal hernia (16) . In two patients the wrap was too tight and in only two instances had the wrap partially disrupted leading to recurrent reflux. The outcome after the revision operation was good in 17 (68%) children.
Discussion
Recurrent vomitingoccurs in 10-15% ofmentally retarded children.56 The vomiting is often regarded as part of the neurological problem. If fully investigated up to 75% of these children can be shown to have gastro-oesophageal reflux with or without associated hiatal hernia.' 6 A number offactors contribute to the increased incidence of reflux among retarded children. The lower oesophageal sphincter pressure is considerably reduced, especially in the presence of severe oesophagitis, compared with normal subjects.610 The level of reduction in lower oesophageal sphincter pressure has been used to predict the need for an operation." None of the patients with pressures less than 10 mm Hg in the series of Sondheimer and Morris6 responded to medical treatment. In addition, dysmotility of the oesophagus, shown by reduced acid clearance, predisposes to mucosal damage. 12 The intra-abdominal pressure is often increased in severely retarded patients due to spasticity of the abdominal musculature, scoliosis, and recurrent seizures. Many of these patients spend long periods in the supine position so that postural treatment for the reflux is impractical. It is thus evident that a number of factors combine to increase the propensity of the severely retarded child to develop symptomatic gastro-oesophageal reflux.
The clinical features of gastro-oesophageal reflux in retarded children are similar to those in normal subjects. Vomiting, which occurs in over 90% of patients, varies from forceful vomits soon after a meal to continual small regurgitations throughout the day. The presence of 'coffee grounds' in the vomitus is an indication of ulcerative oesophagitis. Respiratory complications are common and may be due either to incoordination of the swallowing mechanism or to aspiration of refluxed gastric content. As a result of recurrent vomiting, poor swallowing, and delayed referral, 80% of patients are severely malnourished by the time the diagnosis is established. At least 25% of parents report that their children appear to be in pain and are excessively irritable. The irritability may be due to the burning pain of peptic oesophagitis or to hunger from inadequate nutritional intake. The response to an effective antireflux operation in these children is often dramatic -they rapidly become calmer and more responsive.
Investigations of vomiting in the neurologically impaired child include an upper gastrointestinal barium meal study in which the degree of reflux, particularly aspiration of contrast, is recorded as well as the presence of an anatomical hiatus hernia, oesophagitis, oesophageal stricture, dysmotility, and gastric drainage. Oesophageal pH monitoring, the gold standard measure of reflux, is difficult to perform in this group of patients as they do not tolerate the probe being in situ for prolonged periods and tend to remove it at the least provocation. Routine endoscopy is important to document the degree of oesophageal damage. Many of the patients have respiratory insufficiency as a consequence of recurrent aspiration pneumonia. In these patients it is important to perform lung function studies before the operation and to carry out prophylactic physiotherapy and administer antibiotics to improve lung function.
The 176 patients in this series constituted a highly selected group referred to a tertiary referral centre for further evaluation and management. They had all received some medical treatment before referral and a further intensive trial of conservative management was undertaken in 130 (74%) of these children. The decision to proceed to an antireflux operation was based on (a) the severity of the symptomsfor example, haematemesis, malnutrition, recurrent respiratory complications, (b) the effect of the recurrent vomiting on the well being of the child and the social effect on the family, and (c) the demonstration of oesophageal complications -for example, ulcerative oesophagitis, stricture formation, large hiatal hernia.
The operation consists of a standard 3600
Nissen fundoplication. It is important that the wrap is 'floppy' and short (I 5-3 cm) over the distal oesophagus. The upper short gastric vessels are divided to achieve a loose wrap. The crura are approximated posterior to the oesophagus with a few non-absorbable sutures. A Stamm gastrostomy is performed in a convenient part of the stomach and the tube brought out through a separate stab incision lateral to the main midline incision. Correction of any gastric outlet obstruction -for example, pyloric stenosis or malrotation -is carried out. An alternative to a gastrostomy catheter is to insert a silastic 'gastrostomy button"3 at the initial procedure. Alternatively, a 'button' may be inserted at a later stage if requested by the parents.
The mortality and particularly the morbidity of an antireflux operation in neurologically impaired patients is considerably higher than in normal subjects (table 4) . Although Ashcraft, 23 Vane et al,'8 and Tuggle et a122 report no difference in the complication rate in the retarded children compared with normal children, most workers document a much higher overall complication rate, particularly with reference to wrap dysfunction. This latter complication may manifest as recurrent gastro-oesophageal reflux with all its attendant problems, such as vomiting, malnutrition, and respiratory complications, or migration of the wrap into the posterior mediastinum or the development of a paraoesophageal hernia through a widened hiatus. These two complications lead to dysphagia rather than recurrent reflux.
The incidence of small intestinal obstruction due to adhesion formation after the operation is about the same in neurologically impaired and normal children. We have previously stressed the need for close long term follow up of patients undergoing Nissen fundoplication for the development of intestinal obstruction.2930 These children do not manifest the well known symptom of intestinal obstruction -that is, bilious vomiting -and there may be a dangerously prolonged delay in establishing the diagnosis with resultant intestinal ischaemia. Deaths due to a failure to recognise the presence of intestinal obstruction are reported in most of the large series of antireflux operations in children.
Over the years we have developed a policy of performing a gastrostomy on all neurologically impaired children requiring an antireflux procedure except in those children who have a functionally normal swallowing mechanism. When a gastrostomy is only required for nutritional purposes and where gastro-oesophageal reflux has been excluded, percutaneous endoscopic gastrostomy is the procedure of choice. 3' Despite the high complication rate of up to 50% and the recurrence of gastro-oesophageal reflux in up to 15% of patients, a highly satisfactory result was obtained in 70-80% of severely retarded children, even when a secondary operation was required. Anecdotal remarks from parents such as 'he is much calmer, happier and more responsive', 'the procedure has changed our lives', 'why was the operation not offered sooner?', 'medication for convulsions is more effective', 'he is no longer so distressed or irritable', make the procedure worthwhile and rewarding.
